The use of Manning's n as a friction factor is shown to be unsuitable in the case of small bore (less than about one meter diameter) partially filled pipeflow, particularly for relatively smooth materials such as glass and cast-iron. The Colebrook-White equation with the roughness coefficient k is presented in a form suitable for inclusion in a computer program to solve the partially filled unsteady pipeflow equations by means of the method of characteristics. Results are presented which show that the Colebrook-Wvhite equation provides substantially improved predictions of the wave velocity along the pipe. It provides slightly improved predictions for the maximum depth of flow along the pipe.
Introduction
Steady-state flow tests in partially filled pipes on the Brunel test rig at various gradients have shown that the value of Manning's ii varies with slope ( fig. 1) . Similar tests at fixed gradients confirmed results reported elsewhere [2] 1which are that Manning's n also varies with discharge ( fig. 2 ). This is particularly noticeable in channels of circular cross-section. It is important to use the correct characteristic length for the Reynold's number; here it is the The coefficient k is a length parameter characteristic of the surface roughness and is defined as the sand-grain diameter for a sand-coated surface having the same value of f, the Darcy resistance coefficient, as the pipe under consideration. Commenting on Nikuradse's equation for fully rough flow, Henderson [1] says that although it is not easy to determine accurate values of k, this is not a problem since the logarithmic relationship in the equation means that large errors in the value of k produce only small errors in the value of C.
This observation also applies to eq (1) provides a comprehensive list of k values for a wide variety of materials and channel types including the pipe materials currently being used on the Brunel test rig. Glass is generally agreed to be smooth and to have an effective roughness value of zero, cast-iron varies between about 0.1 and 0.3 mm and a value of 0.2 mm was used for the laboratory test pipe. Table I gives values for some of the more commonly used pipe materials. [1] . Figure 3 shows the change in Slope
Results

Wave Velocity
Manning's n with discharge at two gradients with a fixed value of the roughness coefficient k (the depth coefficient for small bore partially filled pipeflow, and these doubts were reinforced by the above findings.
The roughness of a pipe is dependent on the flow conditions. If the roughness projections are buried within the laminar sublayer, the pipe is hydraulically smooth; as the laminar sublayer shrinks, the projections assume a greater significance until they break through the sublayer and the flow becomes fully rough. Moderately smooth surfaces such as glass, PVC, cast-iron, etc. produce flows which are in the transitional stage between hydraulically smooth and the roughness coefficient k. Glass Pipe (Siojw = 6-I0=0.017)
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Mannin itgis l} = 0).0w. Dislanoce Along Pipe (m) equation allows the loss to be calculated for each node at each time-step, thus significantly reducing the error in estimating the loss. ,,m'g; E 'ml myIlot rid n!)
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Conclusion
The 
